Introduction
Obesity has accompanied the human population since historical times. While at the beginning of the twentieth-century obesity was merely a problem of developed countries (Caballero, 2007) , currently the number of obese individuals has dramatically increased around the globe, and this non-communicable disease is referred to as a pandemic (Swinburn et al., 2019) . Since 1980, the number of overweight adults has risen by almost 1.2 billion (Ng et al., 2014) . This increase is confirmed by the constantly growing mean body mass index (BMI) in almost all countries of the world. During the past decade, the average increase in the BMI value in women was 0.5 kg/m 2 (Finucane et al., 2011) .
Obese women are at a higher risk of associated diseases compared with men (Hu, 2003) . These diseases include for example type II diabetes mellitus, dyslipidaemia, obstructive sleep apnoea, hypertension, and cardiovascular diseases (Blair & Church, 2004; Li & Cheung, 2009 ). Severe obesity is treated by bariatric Effect of aerobics on weight and fat mass loss
The recommended duration of PA for a slight weight loss in adults should be at least 150 to 250 minutes of moderate-intensity PA per week and should be combined with appropriate dietary restrictions. In order to achieve a significant weight loss, it is recommended to increase PA above 250 minutes per week (Donnelly et al., 2009 ). PA has a positive effect on increasing energy expenditure and reducing the amount of fat mass (FM), is an important means of prevention of many non-communicable diseases, and offers a wide range of additional health benefits (Ewald, Attia, & McElduff, 2014) . Obese individuals are recommended low to moderate intensity PA. Appropriate activities for these individuals include walking, cycling, swimming, and other activities in the aquatic environment (Frank, Andresen, & Schmid, 2004; Gappmaier, Lake, Nelson, & Fisher, 2006 ). An attractive type of aerobic exercise for women is aerobics (AE). In the context of secondary obesity prevention, an appropriate modification of AE is aqua AE (Wing & Phelan, 2005) . The results of intervention studies addressing the influence of AE on weight and FM loss in women are not consistent in terms of their conclusions, especially due to their high variability in relation to the type of AE and duration of intervention. For this reason, the main objective of the present study was to assess the overall effect of AE on weight and FM loss using a systematic review of available scientific evidence, and to conduct a synthesis by means of a meta-analysis.
Methods
The present systematic review was devised in line with the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement (Moher, Liberati, Tetzlaff, & Altman, 2009) .
Search strategies
The search included the Medline and SPORTDiscus databases covering a period from January 2000 to April 2018. The search strategy was arranged in three sets and focused on the target population (adult women), intervention (various forms of AE) and exposure outcomes (weight and FM loss). Table 1 shows an example of a search strategy in the Medline database (via Ovid). The main part of the search strategy included the Medical Subject Heading (MeSH) terms. Subsequently, selected free-text terms were included in the search strategy in order to extend the search and cover specific areas of interest. The search strategy was limited to human participants and the English language. The search results were imported into the EndNote programme (Version X7; Thomson Reuters, San Francisco, CA, USA), any duplicates were deleted, and an online Excel spreadsheet was produced for screening purposes. The final database included several unique identifiers for each study and several pieces of bibliographic information (study title, authors, year of publication, abstract, journal title, and article identifier).
In the first stage, the title and abstract of the studies were screened by two independent evaluators (P. H. and A. G.). The studies were divided into three groups: relevant, irrelevant, and potentially relevant studies. In the case of potentially relevant studies, their full-texts were analysed and then the studies were included or excluded. In the event of a disagreement between the evaluators concerning the relevance of a particular study, the final decision as to inclusion or exclusion was made by a third person. In addition to searching the databases mentioned above, the authors performed a hand search of the list of references of all relevant studies included in the review. In this way, an additional relevant study was identified (Figure 1 ).
Inclusion and exclusion criteria
The review included only randomized clinical trials (RCT) or clinical trials without control groups involving adult women older than 18 years. The upper age limit was not defined. The review did not include studies with mixed groups for which relevant data were not obtained even after contacting the corresponding authors. The review included studies involving healthy women, women with diagnosed overweight or obesity, and women with a sedentary lifestyle. Studies involving pregnant participants were excluded. The final sample included studies whose intervention PA was traditional AE or modified AE (e.g., step or aqua AE) without restrictions as to duration, intensity or frequency. The review included studies that combined AE with dietary restrictions. The duration of intervention was not strictly defined but single load studies were excluded.
Data extraction and risk of bias assessment
Data extraction from full texts was performed by an investigator (P. H.); the final version of the dataset was checked by a reviewer (A. G.) For the purposes of the meta-analysis, information about changes in body weight or fat mass percentage (FM%) was extracted. The secondary variables related to the duration of intervention, type of AE, and participants' age and health status. In addition, the basic information about the studies included was extracted (design, country of origin, main objectives, and conclusions), including descriptive characteristics of the participants (average age, age category, initial health status, and size of the intervention group). The authors also focused on information about the intervention programme (duration, contacted in order to obtain the missing information. Specifically, the corresponding authors of five RCTs were contacted, of whom two provided the necessary information (Araújo et al., 2015; Melam et al., 2016) . The risk of bias was analysed for randomized trials frequency and content of the intervention, type of AE), about the method of measurement of the main variables, and about the result of the intervention. Where studies did not include information about the effects of intervention, the corresponding authors were 
Statistical processing
For the calculation of the effect size of the intervention, only RCT studies with available data for metaanalysis were used (N = 7). The heterogeneity of the studies was assessed by means of the Cochran's Q-test, and for the assessment of the effect of heterogeneity on the variability of the overall effect, the I 2 indicator was used. I 2 values of 25, 50, and 75 were considered to indicate low, moderate and high heterogeneity, respectively (Higgins, Thompson, Deeks, & Altman, 2003) . For the assessment of the overall effect the randomeffects meta-analysis method was used, because in all cases a moderate to high degree of heterogeneity was observed (I 2 < 50%). Similarly, an analysis of subgroups was performed to allow for the effect of the type of AE and duration of intervention. The results of the meta-analysis are shown graphically as forest plots. Statistical analysis was performed by means of RevMan (Version 5.3; The Nordic Cochrane Centre, Copenhagen, Denmark) software at a level of significance of α = .05.
Results
In the Medline and SPORTDiscus databases, a total of 242 studies were identified based on the search strategy. The hand search of the references of all relevant studies identified one relevant study (Arslan, 2011) . After removal of duplicates and exclusion of studies based on predetermined criteria, the final sample included 9 RCTs (Araújo et al., 2015; Arslan, 2011; Jasiński et al., 2015; Kantyka, Herman, Roczniok, & Kuba, 2015; Kin-Isler & Kosar, 2006; Melam et al., 2016; Nagle et al., 2007; Novaes et al., 2014; Park et al., 2003) and 5 uncontrolled clinical trials (Duzova et al., 2018; Hallage et al., 2010; Pilch et al., 2017; Ruiz-Montero, Castillo-Rodriguez, Mikalacki, Nebojsa, & Korovljev, 2014; Said, Lamya, Olfa, & Hamda, 2017) , the overview of which is shown in Table 2 . The final sample included studies published primarily in Europe, Asia, North and South America. On average, the intervention programmes included 36 participants. In one study, the intervention also included men, but they were excluded from the analysis (Kin-Isler & Kosar, 2006) . The average age of the female participants was 40.8 ± 14.1 years. Taking into consideration only RCTs, the average age of the female participants was 43.7 ± 14.3 years and the average number of participants was 16. Initially, most of the participants were diagnosed with overweight or obesity. The sample also included women with a sedentary lifestyle, women after menopause, healthy women, or the health status of the participants was not specified.
The most frequently used type of AE was aqua and step AE followed by traditional AE. Other types of AE were not included. The most used frequency was 3 times a week for an average duration of 45 minutes. The average duration of intervention was 10 weeks for the age category of < 30 years, 16 weeks for the age category of 30-45 years, and 15 weeks for women older than 45 years. Figure 2 shows the overall effect of AE on bodyweight depending on the type of AE. The overall effect of interventions that included various types of AE was significant and equalled -1.97 kg (95% confidence interval (CI) [-3.72, -0.23], p = .03). However, an analysis of studies that included only aqua AE did not Note. BMI = body mass index; BPM = beats per minute; FM = fat mass; FM% = fat mass percentage; HRmax = maximum heart rate; RCT = randomized controlled trial; WHR = waist-hip ratio.
suggest a statistically significant effect. This group of studies was homogeneous (I 2 = 11%), but the effect was -0.86 kg (95% CI [-2.05, 0.32], p = .15). On the contrary, interventions using traditional and step AE suggested a significant weight loss by 4.06 kg (95% CI [-5.98, -2.14] , p < .001, I 2 = 48%). The effect of AE on FM% is shown in Figure 3 . The overall effect was -2.62% (95% CI [-5.53, 0.29] , p = .08); heterogeneity between studies was relatively high (I 2 = 90%), which led to different results of the meta-analysis when the type of AE was considered. While the FM loss was negligible in aqua AE interventions, in other AE types FM was reduced by 6.59%. However, this analysis did not suggest a significant effect either, particularly due to the high heterogeneity of the studies (95% CI [-16 .00, 2.81], p = .17, I 2 = 97%). In terms of the duration of intervention, it is clear that longer interventions are more effective (Figure 4 and 5). A greater effect was observed in interventions longer than 10 weeks, which resulted in a decrease in body weight by 2.61 kg (95% CI [-5.29, 0 .07], p = .06, I 2 = 86%) and FM by 4.66% (95% CI [-11.14, 1.81] , p = .16; I 2 = 95%). Heterogeneity between studies shorter than 10 weeks was considerably lower (I 2 < 60%), but their significant effect on body weight or FM% was not confirmed.
Discussion
The present systematic review including a meta-analysis presents the results concerning the effect of intervention programmes with AE as a single or combined intervention on weight FM loss in adult women. The study is a synthesis of 14 primary studies published since 2000 found in the Medline and SPORTDiscus databases. The pooled sample for all studies was 756 females, 398 of whom participated in RCTs. To assess The majority of the studies combined various female participants in their intervention programmes, which was probably the cause of certain heterogeneity of the participants. The participants in the interventions were marked by a high degree of variability regarding their age and health status. Probably, for this reason, aqua AE was the most frequently used type of AE. Due to its safety and lower intensity, this type of AE is also frequently used by the oldest age group of women. On the contrary, in younger age categories, step AE was more popular compared with traditional AE.
The results presented in this paper suggest that interventions longer than 10 weeks are more effective compared with shorter interventions. One of the limitations of longer interventions is their time demanding nature and related lower participant adherence and higher drop-out (van der Bij, Laurant, & Wensing, 2002) . In the evaluation of the results, it is also important to consider the effect of the interventions with respect to various types of AE. Aqua AE had no effect on body weight and FM%, while a positive effect on weight loss was confirmed for step and traditional AE. Aqua AE is suitable especially for overweight individuals due to the aquatic environment. Women feel more comfortable in an aquatic environment and in the presence of other female participants (Claesson et al., 2008) .
The reason why aqua AE did not provide the desired effect on body weight and FM% can be for example the low intensity or low frequency of the exercise. The average duration of a lesson in the studies involved was 45-50 minutes, which meets the minimum recommended lesson duration. However, when the exercise was involved only twice or three times a week, the participants achieved the lower limit of the recommended PA duration per week. Unless the intervention includes dietary restrictions, and none of the studies using aqua AE did, positive results cannot be expected. Studies that combine PA with dietary restrictions have a greater positive effect on the body composition of individuals included in the intervention (Andrews et al., 2011; Claesson et al., 2008) . A study by Swift, Johannsen, Lavie, Earnest, and Church (2014) suggests the significance of a dietary restriction. The authors concluded that the results of overweight and obese individuals who take part in an intervention including only a certain type of PA are heterogeneous and mostly do not achieve the desired weight loss. Overweight and obese individuals who wish to decrease their weight and especially FM% must combine their PA intervention with a dietary restriction, which clearly leads to better results.
In the evaluation of the results, the quality of the studies involved must be considered. The Cochrane Collaboration Risk of Bias Tool suggests that the risk of bias concerning the results of the studies included in the meta-analyses is relatively high. The main cause is the absence of information to assess the selection, performance and attrition bias. The methodological quality of the studies is demonstrated by the fact that none of the studies was designed according to the CONSORT statement or a similar recommendation. Despite the fact that in all studies involved the participants were randomly divided into groups, none of the studies described a random component in the sequence generation. Moreover, none of the studies described a method of concealment or gave reasons for the missing data. None of the studies provided a study protocol; however, it is clear that the published reports included all expected outcomes. 
Conclusions
The results suggest that AE can be a suitable method for weight and FM loss in adult women. It was confirmed that traditional AE and step AE had a greater effect on weight loss, while aqua AE did not bring a statistically significant effect. It was also confirmed that interventions longer than 10 weeks were more effective compared with shorter interventions. However, this finding must be interpreted with caution, especially with respect to the high variability of the effect of primary studies and a potentially high risk of bias based on the absence of relevant information that could be used to assess the risk of bias.
